Introduction
The techniques applied for cataract extraction surgery have evolved considerably in the last decades, allowing among many other developments a reduction in the size of the incision through which the surgery is performed. Incision size has diminished progressively from the 10 mm of the intracapsular era to the 7 mm of extracapsular surgery. The advent of phacoemulsification and the development of flexible intra-ocular lenses has led to a further significant reduction in the incision size which was reduced to 2.8 mm. Finally, a few years ago, microincision cataract surgery has allowed the removal of cataracts through incisions smaller than 2mm. 1, 2 Said reductions in incision sizes has been associated to diminished post-surgery intraocular inflammation and complications related to the surgical wound, as well as lowering surgery-induced astigmatism, shorter surgical times and shorter post surgery rehabilitation periods. 1 All these developments have led to improvements in individual prognosis, and, with the reduction of the time required for healing of smaller incisions, the risk of endophthalmitis has also diminished. 3, 4 The objective of this study is to analyse and quantitatively compare the results obtained after cataract surgery with co-axial microincision (CCMIC) and after conventional phacoemulsification surgery, assessing induced astigmatism, endothelial cell density, corneal and foveal thickness in the pre-surgery and post-surgery periods.
Subjects, material and methods
The design of the study was prospective, randomised, consecutive and interventional, including patients over 50 and bilateral senile cataracts intervened for cataract surgery in both eyes between September 2008 and April 2010. The exclusion criteria included corneal pathology, previous ocular trauma or surgery, infectious and/or inflammatory ocular pathology and astigmatism exceeding 3 dioptres (D).
All the patients included in the study were intervened with conventional phacoemulsification in one eye and CCMIC in the contralateral eye, randomly selecting the technique to be performed in the first intervened eye. All the operations were performed by the same surgeon (E. B.), and the main incision was carried out in the temporal-superior quadrant in right eyes and the nasal-superior quadrant in left eyes. In both modes, the Stellaris (Bausch & Lomb) platform was utilised with the same surgical parameters, implanting in all cases an AKREOS MI60 intraocular lens (Bausch & Lomb). The post-op treatment was identical in both groups.
For the cataract surgery with conventional phacoemulsification, a 2.8 mm valvulated corneal incision was made, in contrast with the CCMIC procedure in which the incision is of 1.8mm ( fig. 1) . In both techniques, viscoelastic was injected in the anterior chamber and paracentesis was performed at three and nine o'clock. Subsequently, continuous circular capsulotomy with tweezers was performed, followed by hydrodissection and hydrodelineation and ultrasoundassisted cataract aspiration, splitting the core in half with Ernest tweezers. In the conventional technique, the cannule in the phacoemulsifier tip was the Microflow straight cannule, whereas in the CCMIC a 1.8mm straight cannule was used ( fig. 2) . Subsequently, the cortex remains were removed with independent cannules, epithelial polishing was made at 360°, viscoelastic was injected in the capsular sac and thereafter the intraocular lens (IOL) was implanted with the Bausch & Lomb injector. Finally, surplus viscoelastic was aspired, acetylcholine was instilled to contract the pupil to a size smaller than the IOL optic and paracentesis was hydrated, verifying that the chamber is tight and with adequate intraocular pressure.
The studied variables were refractive astigmatism (measured in the pre-op, the day after, one week, one month and three months after surgery), topographic astigmatism (measured with EyeSys ® topography in the pre-op, one month and three months after surgery), endothelial cell density (calculated with Topcon ® mirror microscopy in the pre-op, one month and three months after surgery), central corneal thickness (determined by means of ultrasonic pachymetry in the preop, one week, one month and three months after surgery) and convencional en un ojo y CCMIC en el ojo contralateral. Las variables estudiadas fueron el astigmatismo refractivo y topográfico, la densidad de células endoteliales, el espesor corneal y el espesor foveal, estableciendo los controles al día siguiente, a la semana, al mes y a los 3 meses de la cirugía.
Resultados: Las variaciones entre el pre-y el postoperatorio de las diferentes variables estudiadas no han mostrado diferencias estadísticamente significativas entre ambas modalidades quirúrgicas (p > 0,05).
Conclusiones: La CCMIC es una técnica efectiva y segura que ofrece una excelente alternativa para la extracción de la catarata, con una disminución en el tamaño de la incisión y resultados postoperatorios comparables con la técnica estándar. Se requieren estudios prospectivos con mayor número de pacientes y seguimiento más largo para establecer si realmente existen diferencias estadísticamente significativas y clínicamente relevantes entre ambas técnicas. foveal thickness (assessed under midriasis with Stratus™ OCT or Cirrus™ HD-OCT (Carl Zeiss Meditec Inc.) in the pre-op, one week, one month and three months after surgery).
The difference between the pre-and post-surgery values (1 day, 1 week, 1 month or 3 months) in each one of the studied variables gave rise to a new variable the value of which has been utilised in statistical analysis to compare both groups. The loss of endothelial cells was calculated as follows: Loss of endothelial cells (%)=(pre-op count -post-op count) × 100 / pre-op count.
The statistical analysis was made with the SPSS 13.0 software (SPSS Inc. Chicago, Illinois, USA). In order to calculate the fit validity of the assessed variables, the Shapiro-Wilk test was applied. To establish the existence of statistically significant differences (p<0.05) between the two groups, the corresponding statistical tests were applied in each case (U Mann-Whitney or t for Student) according to the compared variables and the adjustment thereof to normality, as specified in the results.
Results
Seventy-four eyes of 37 consecutive patients which fulfilled the inclusion/exclusion criteria were included. They had a mean age at surgery time of 72.97±7.55 years (range 52-84 years). Of the 37 patients, 25 (67.6%) were female and 12 (32.4%) were male. The mean time between the surgery of one eye and the contralateral eye was of 7.30±1.1 days. Table 1 shows the values of the pre-surgery parameters in the two groups of the study, without finding statistically significant differences between both. Accordingly, the groups had homogeneous distributions regarding all the compared variables. Likewise, no statistically significant differences were observed in the classification of the cataract core hardness included in either group, which was of 2.81±1.13 (in a scale of one to 10) in the CCMIC group and of 2.89±1.1 in the conventional phacoemulsification group. Figure 3 illustrate the distribution of said core hardness in each group. Table 2 shows the results obtained in the study, representing for each variable the difference that occurred vis-à-vis the value of that same variable in the pre-surgery in both groups of the study and in all the post-op visits in which said variable was determined. For each variable, the number of cases (n) compared in each group is indicated because it was not possible to carry out all the post-op assessments. As regards the refractive astigmatism variation before and after surgery, no statistically significant differences were found between both groups in none of the post-op controls (p>0.05 in all cases). Similarly, the variation in topographic astigmatism at month one and three after surgery did not exhibit significant differences between both surgical techniques. Compared to the pre-surgery cell count, the loss of endothelial cells was of 6.3% in the conventional phacoemulsification group and of 4.99% in the CCMIC group at month 1 after surgery, and of 7.7% in the conventional phacoemulsification group and 4.98% in the CCMIC group at month three after surgery, with the difference between both not being statistically significant in any of the two controls (p>0.05). Figure 4 shows the endothelial count values obtained in the pre-op, at month 1 and month 3 after surgery in both procedures. In what concerns the study of the central cornea thickness, it has exhibited an increase in both groups the day after surgery without statistically significant differences between both. It can be seen how the pachymetric value becomes gradually normalised, reaching values closer to the pre-op values in the checkups after one week, without differences between both groups and with corneal thicknesses similar to the pre-op at month one and three after surgery in both surgical techniques (p>0.05. U MannWhitney). Finally, foveal thickness variations did not exhibit either statistically significant differences between both groups in any of the post controls (p>0.05. U Mann -Whitney Each variable expresses the observed difference vis-à-vis the pre-surgery in each of the post-surgery controls (1 day, 1 week, 1 month and 3 months). 
Discussion
At present there are two phacoemulsification methods that utilise microincisions (i.e., incision smaller than 2 mm). These are the bimanual and coaxial techniques.
In the bimanual technique,the anterior chamber irrigation is carried out with an instrument separated from the phacoemulsification/aspiration unit through two independent incisions smaller than 1.5 mm. At the end of the phacoemulsification hand piece, the needle that provides ultrasound power does not carry the flexible silicone protector typical of conventional phacoemulsification. 1, 2, 5 Despite the advantages of this surgical technique, 6 it also exhibits shortcomings such as anterior chamber instability, limitation in the irrigation and vacuum level in relation to the smaller size of the instruments and the increased traumatism over the tense incisions exposed to the unprotected phakoemulsifier tip 3,7 which distort and weakens them, leading to a possible late leak and inquestionably increasing the risk of endophthalmitis.
On the other hand, there is very little literature concerning the coaxial technique (CCMIC). The main advantage of this technique is that, in contrast with the bimanual technique, it utilises the same methods as conventional techniques but with a smaller incision size. Therefore, as the surgeon does not need to modify the surgical technique, its learning curve is short, in contrast with the bimanual technique. 3 In addition, the flexible silicone protector that surrounds the phakoemulsifier needle adapts to the incision and does not alter its integrity during surgery. The disadvantages of the CCMIC technique described in the literature include the difficulty of eliminating the subincisional cortex and a diminished followability to the aspiration terminal, as the irrigation can mobilise the nuclear fragments, pushing them away from the phakoemulsifier tip. 7 In a recent experimental study, Berdahl et al 7 demonstrated that CCMIC and standard phacoemulsification induce lower tension over the incision and therefore cause a smaller morphological alteration, leading to lower loss of fluid than the bimanual microincision surgery.
The main objective of our study is to compare the surgical traum expressed in corneal and macular parameters caused by CCMIC and conventional phacoemulsification. As in each patient both surgical techniques were performed (one in each eye) and as therefore both groups were made up by the same patients, the two groups were highly homogeneous.
No statistically significant differences were observed between said two techniques concerning refractive and topographic astigmatism, loss of endothelial cells, central corneal thickness and foveal thickness. These results are comparable to those obtained by Dosso et al 3 in a recent prospective study comparing CCMIC and the standard technique in which no clinically relevant differences were found either between both groups in what concerns the density of endothelial cells and corneal pachymetry.
The foveal thickness increase in both groups observed at the one-month and three-month post-surgery evaluation could be related to a change of optical coherence tomography equipment which took place in the middle of the study. The Stratus OCT™ was substituted by a Cirrus™ HD-OCT (Carl Zeiss Meditec Inc.), which has demonstrated its ability to measure higher values than the previous equipment. In any case, no significant differences were observed between both groups.
In our view, during the CCMIC the mechanical trauma caused by the smaller phacoemulsifier tip is reduced in comparison to conventional phacoemulsification, and the smaller cannule diameter provides greater safety for aspiring the masses. As it occupies less space in the anterior chamber, it also facilitates visibility during surgery, above all in eyes with pupils under minimum midriasis. To conclude, the results obtained in this study demonstrate that at present CCMIC is an effective and safe technique providing an excellent alternative for cataract removal due to reduced incision size and post surgery results compared to those of the standard technique. No statistically significant differences have been observed between both techniques and therefor corneal and macular iatrogenia is comparable between both groups. Prospective studies are required with higher numbers of patients and long of follow-up periods to determine the existence of statistically significant and clinically relevant differences between both techniques.
